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ARTICLE INFO ABSTRACT

Keywords: Stress is a substantial part of life, however, persistent stress can disturb the hypothalamic-pituitary-adrenal axis

Stress leading to different diseases. Adaptogenic herbs are considered to have a stress-relieving effect via decreasing

édaPtofens cortisol levels. We assessed the effect of adaptogenic plants on cortisol pathway (cortisol and ACTH levels) and
Ortiso.

Withania somnifera
Perceived Stress Scale
Stress management

on psychological stress levels of mentally stressed healthy adults, based on the results of randomized controlled
trials published until June 25th, 2023. Twenty-five studies on nine adaptogenic herbs - Bacopa monnieri, Eleu-
therococcus senticosus, Eurycoma longifolia, Gynostemma pentaphyllum, Lepidium peruvianum, Ocimum sanctum,

Panax ginseng, Rhodiola rosea and Withania somnifera - were processed in the systematic review. The results
on Withania somnifera were meta-analyzed. Significant serum cortisol level decrease (MD = -3.27 ug/dL, 95%
CL: —4.62—1.92, p = 0.003) and clinically relevant Perceived Stress Scale (PSS) score decrease were observed in
the Withania somnifera-treated group compared to the placebo group after 56 or 60 days treatment.

1. Introduction

Stress is “the nonspecific response of the body to any demand”, as
defined by Hans Selye, the founder of stress theory (Selye, 1956). In
terms of the prevalence of stress, in 2021, four in 10 adults worldwide
said they experienced a lot of worries (42%) or stress (41%) (gallup.
com). Chronic stress can lead to the imbalance of the hypothal-
amic-pituitary-adrenal axis and to elevated cortisol levels. Chronic
psychological stress can be the breeding ground for a variety of ailments
and diseases, including cognitive impairment and mental disorders
(Marin et al., 2011; Fiksdal et al., 2019), cardiovascular diseases (Iob

and Steptoe, 2019) and reduced immune response (Dragos and Tana-
sescu, 2010).

Chronic psychological stress can be alleviated by using different
psychological methods, such as mindfulness-based stress reduction
(Janssen et al., 2018) or mindfulness-based cognitive therapy (Parsons
et al., 2017). Pharmacotherapy for chronic stress-related complaints is a
primarily symptomatic treatment with no significant effect on the un-
derlying pathophysiological processes, and is associated with a risk of
tolerance, dependence (Quagliato et al, 2018), relapse after cessation
(Wildeboer et al., 2016) and adverse side effects (Anagha et al., 2021;
Crowe and Stranks, 2018).

Abbreviations: ACTH, adrenocorticotropic hormone; CI, confidence interval, HPA-axis, hypothalamic-pituitary-adrenal axis; MD, mean difference; PSS,

Perceived Stress Scale; RCT, randomized controlled trial.
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Adaptogenic plants have been used in traditional medicine in India,
China, Korea and Japan for thousands of years to improve resistance to
stress through their normalizing effects, and to increase adaptability,
resilience and survival, regardless of the nature of the stressor (Pan-
ossian et al., 2021). These plants, Bacopa monnieri, Centella asiatica,
Eleutherococcus senticosus, Lepidium meyenii, Panax ginseng, Panax noto-
ginseng, Rhaponticum carthamoides, Rhodiola crenulata, Rhodiola rosea,
Schisandra chinensis, Scutellaria baicalensis, Tribulus terrestris and With-
ania somnifera, have attracted scientific interest since the 1940s (Pan-
ossian et al., 2021). Although, in our study we focus on the effect of
adaptogens on mental stress of healthy individuals, these substances
have been widely used and widely investigated as tonics (Liao, et al.,
2018) administered to convalescent patients, and as medications in
different diseases (Panossian et al., 2021; Kaur et al., 2017).

It has been shown that the stress-protective effect of adaptogens
might be related to their effect on the hypothalamic-pituitary—adrenal
(HPA) axis. Adaptogens might normalize chronically elevated cortisol/
corticosterone levels, presumably through their interaction with the
glucocorticoid receptors, helping to restore the balance of the HPA-axis
(Panossian, 2017). Although some elements of the mechanism of action
of certain adaptogens have been discovered, their clinical efficacy and
mode of action are still not fully understood. The aim of our work was to
perform a systematic review and meta-analysis to examine the effects of
adaptogens on stress and hormone levels relating to cortisol pathway in
order to better understand their function in stress management,
including safety profiles, and to answer our clinical question whether
adaptogens have an effect on the cortisol pathway and on the stress
level. To assess stress level, we focused on studies using the Perceived
Stress Scale (PSS), a self-rating 10-item questionnaire that assesses
overall stress experienced in the past one month, with scores between
0 and 40; the higher the score, the higher the stress level (Cohen et al.,
1983).

2. Methods

We reported our systematic review and meta-analysis based on the
recommendations of the PRISMA 2020 guideline (see Supplementary
material Table 3), while we followed the Cochrane Handbook. The
study protocol was registered on PROSPERO (registration number
CRD42022376109), and we fully adhered to it.

2.1. Search strategy

For the systematic search, we used the search key which can be found
in the Supplementary material in Table 1.

Table 1 summarizes the population, intervention, comparison, and
outcome (PICO) criteria for our investigation.

2.2. Selection

A systematic search was conducted in five databases: MEDLINE (via

Table 1
Population, intervention, comparison, and outcome (PICO) criteria of the
investigation.

Criteria Description
Populationl mentally stressed healthy adults (>18 years of age)
Population mentally stressed healthy adults (>18 years of age) perceiving
2 fatigue
Intervention orally applied herbal adaptogens, single-substance preparations
Comparison placebo or non-exposed control group
Outcome 1 changes in the concentration of cortisol pathway hormones and
Outcome 2 regulators;
changes in stress level, as measured with the Perceived Stress
Scale (PSS) score
Study design randomized controlled trials
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PubMed), Embase, Cochrane Central Register of Controlled Trials
(CENTRAL), Scopus, and Web of Science. References were downloaded
into EndNote (Clarivate Analytics, Philadelphia, PA, USA) on June 25th,
2023 and, as a next step, duplicates were removed. Title-abstract se-
lection, then the full-text selection were performed by two independent
investigators using Rayyan.ai tool (Rayyan Systems, Inc., Cambridge
MA, USA). For additional eligible articles, reference lists of already
included studies were screened by one investigator, and an automated
citation search program (https://estech.shinyapps.io/citationchaser/)
was also applied. Disagreements during the selection process were
resolved by means of reconciliation.

2.3. Eligibility criteria

Studies reporting on randomized controlled trials in English were
eligible if they assessed the effect of an extract or dried powder of any
part of a single adaptogenic plant, compared with placebo or no treat-
ment, and if the study population consisted of mentally stressed healthy
adults (age 18-65 years old); further, if the assessed outcomes were
cortisol pathway hormones and regulators and/or scores of question-
naires evaluating mental stress level; moreover, if data on the outcomes
being studied were provided at no less than baseline and the end of the
trial.

2.4. Exclusion criteria

Studies applying study designs other than randomized controlled
trials, studies assessing the effect of adaptogens on physical stress,
studies involving populations other than adults or those with chronic
diseases, or studies using differing populations as control groups, using
combined product intervention, or applying active substances as control
treatments, were excluded.

2.5. Data collection process

The following data were collected for each publication: study design,
main population characteristics (i.e., age (range or mean and SD), and
relevant stress-related symptoms and/or complaints), number of sub-
jects per group, geographical location, dose and type of intervention,
duration of treatment, baseline values of cortisol pathway hormones and
regulators and/or PSS scores and the values after any duration of
treatment, time of sample taking (for cortisol level). Data were verified
by a second independent investigator.

2.6. Assessment of the risk of bias

The risk of bias was assessed using the Cochrane Risk of Bias tool
(Sterne et al., 2019). The assessment was conducted by two independent
reviewers, and disagreements were resolved by means of reconciliation.

2.7. Synthesis methods and statistical analysis

Because of a priori presumed considerable between-study heteroge-
neity, random-effect models were used to pool effect sizes following the
recommendations of Harrer et al. (Harrer et al., 2021).

Both for serum cortisol level and Perceived Stress Scale score, mean
difference (MD) was used for the effect size measure with a 95% con-
fidence interval (CI). The sample size, mean, and corresponding stan-
dard deviation (SD) were extracted from each study to calculate the
pooled difference. Typically, analyzed studies have reported baseline
and post treatment measurements of target variables. We reported both
baseline and post-treatment between group pooled mean differences
(MDs) to allow readers to evaluate treatment efficacy transparently. If
the SD was not given, but standard error (SE), we calculated the SD
based on it (e.g., multiplying by the square root of the sample size for SE
or using the t-distribution value for confidence interval based on the
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given confidence level).

The inverse variance weighting method was used to calculate the
pooled MDs. We used a Hartung-Knapp adjustment, resulting in a more
conservative estimation than without adjustment (IntHout, Ioannidis,
and Borm, 2014). To estimate the heterogeneity variance measure (t2),
the restricted maximum-likelihood estimator was used with the Q pro-
file method for the confidence interval.

We summarized the meta-analysis findings on forest plots. Where
applicable, we report the prediction intervals (i.e., the expected range of
effects of future studies) of results. Higgins and Thompson 12 statistics
assessed heterogeneity (Higgins and Thompson, 2002). Fitted model
parameters and potential outlier publications were explored using
different influence measures and plots. Sensitivity analysis was carried
out via leave-one-out analyses for all models. Small study publication
bias was assessed by visual inspection of Funnel-plots and Egger’s test
(modified Egger’s test depends on the type of effect size measures) with
a 10% significance level. The statistical analysis of the data was con-
ducted using the R software (R Core Team, 2021, Vienna, Austria).

3. Results
3.1. Search and selection process

The systematic search provided 6293 articles. The selection flow-
chart is summarized in Fig. 1. At the end of the selection process, 25
studies remained included in the systematic review (Auddy et al., 2008;
Baek et al., 2019; Benson et al., 2014; Chandrasekhar et al., 2012; Choi
et al., 2019; Choudhary et al., 2017; Cropley, et al., 2015; Gopukumar
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et al., 2021; Jowko et al., 2018; Hartz, et al., 2004; Lee et al., 2017;
Lopresti, Smith, Malvi and Kodgule, 2019; Lopresti, Drummond, Smith,
2019; Lopresti et al., 2021; Lopresti et al., 2022; Meissner et al., 2001;
Olsson et al., 2009; Pingali et al., 2013; Remenapp et al., 2022; Salve
et al., 2019; Sampath et al., 2015; Saxena et al., 2012; Schaffler et al.,
2013; Sung et al., 2020; Talbott et al., 2013), and 5 of them were eligible
for the meta-analysis to assess the effects on the predefined outcomes
(Auddy et al., 2008; Chandrasekhar et al., 2012; Choudhary et al., 2017;
Lopresti, Smith, Malvi and Kodgule, 2019; Salve et al., 2019). All articles
in our meta-analysis reported clinical trials performed with Withania
somnifera. For the other studies on Withania somnifera, and other herbs,
the measured outcomes and/or the duration of treatment were too
diverse to make them applicable to a meta-analysis.

3.2. Baseline characteristics of the included studies

The baseline characteristics of the five studies (Auddy et al, 2008;
Chandrasekhar et al, 2012; Choudhary et al., 2017; Lopresti, Smith,
Malvi and Kodgule, 2019; Salve et al., 2019) included in the meta-
analysis are detailed in Table 2. Further, in Supplementary material
Table 2, we detailed the type and composition of each intervention
product, all of which were extracts made of various parts of the Withania
somnifera plant. Also, our calculations on the withanolide content of
each intervention product, which we made to find the comparable
groups of interventions, can be found in Supplementary material
Table 2. Withanolides are active compounds of Withania somnifera with
adaptogenic effects (Panossian, 2017; Panossian et al., 2021). Three of
the five studies (Chandrasekhar et al., 2012; Choudhary et al., 2017,

via other
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Fig. 1. Study selection flow-chart, From: Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. BMJ 2021;372:n71. https://doi.org/10.1136/bmj.n71. For.
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Table 2
Baseline characteristics of the RCTs investigated in the meta-analysis.
Reference Study Population Intervention Comparison Outcome
design . . . .
Characteristics Age Geographical Type of Dose Duration Comparison Outcome
location intervention (number of  of (number of processed in the
subjects in treatment subjects in the  meta-analysis
the group) group) (Time of sample
taking with respect
to SC)
Auddy et al., double- Men and women with ~ 18-60 Kolkata, India Withania 500 mg/ 60 days Placebo (15) SC (between 9AM
2008 blind a HAM-A score years somnifera day (34) and 11AM)
RCT between 24 and 42 extract
Chandrasekhar double- Adults with the 18-54 Hyderabad, Withania 600 mg/ 60 days Placebo (31) SC (in the
et al., 2012 blind history of chronic years India somnifera day (30) morning’) PSS
RCT stress, with a PSS extract
score of at least 14
Choudhary et al.,  double- Adults with the 18-60 Pune, India Withania 600 mg/ 56 days Placebo (25) SC (no information
2017 blind symptoms of chronic years somnifera day (25) on time) PSS
RCT routine work stress, extract
PSS 20 or above, BMI
between 25 and 39.9
kg/m2
Lopresti, Smith, double- Healthy adults witha  18-65 India Withania 240 mg/ 60 days Placebo (30) SC (approximately
Malvi and blind HAM-A score years somnifera day (30) at 8AM)
Kodgule, 2019 RCT between 6 and 17 extract
J. Salve et al., double- Healthy adults witha  18-55 Maharashtra, Withania 600 mg/ 56 days Placebo (19) SC (’in the
2019 blind PSS score above 20 years India somnifera day (20) morning’) PSS
RCT extract

Legend: BMI - body mass index; HAM-A - Hamilton Anxiety Rating Scale; PSS — Perceived Stress Scale; RCT-randomized controlled trial; SC — serum cortisol.

Salve et al., 2019) applied the same intervention, namely, 600 mg/day
Withania somnifera root extract (KSM-66) containing 30 mg/day with-
anolides, however, in the other two studies (Auddy et al, 2008, Lopresti,
Smith, Malvi and Kodgule, 2019) different extracts were used. Sensi-
tivity analysis was conducted to assess heterogeneity among the studies.
Supplementary material Fig. 1. a., b., c., d., e. and f.

In Table 3, we provide a comprehensive overview of the 25 studies
that assessed the effects of a total of 9 adaptogenic herbs (Bacopa mon-
nieri, Eleutherococcus senticosus, Eurycoma longifolia, Gynostemma penta-
phyllum, Lepidium peruvianum, Ocimum sanctum, Panax ginseng, Rhodiola
rosea, and Withania somnifera) on salivary or serum cortisol levels and
stress-related outcomes of healthy, stressed adults.

3.3. The effect of Withania somnifera supplementation on the serum
cortisol level

In our meta-analysis, five studies investigated the effect of Withania
somnifera supplementation on serum cortisol level after 56 or 60 days of
treatment (Auddy et al, 2008; Chandrasekhar et al, 2012; Choudhary
et al., 2017; Lopresti, Smith, Malvi and Kodgule, 2019; Salve et al.,
2019), whereas in three studies this effect was assessed also after 28 or
30 days (Choudhary et al., 2017; Lopresti, Smith, Malvi and Kodgule,
2019; Salve et al., 2019) (Table 2.). Intervention groups and control
groups were found to be similar at baseline (Fig. 2.a). After 28 or 30
days of intervention, pooled MDs with a total of 149 participants showed
a statistically significant mean decrease in serum cortisol levels in the
Withania somnifera groups (N = 75) compared tom the placebo groups
(N =74) (MD = — 1.29; 95%CL: —1.90 -0.68, p = 0.012) (Fig. 2.b).
After 56 or 60 days of treatment, the pooled MDs with a total of 259
participants showed a statistically significant 3.27ug/dL mean decrease
of serum cortisol level in the intervention group (n = 139) compared to
the placebo group (n = 120); (MD = — 3.27; 95%CI: —4.62 -1.92, p =
0.003) (Fig. 2.c). This is a clinically relevant improvement, as the
normal range of serum cortisol levels is between 5 and 25 ug/dL
(McPherson and Henry’s, 2017). The study populations were found to be
homogenous.

Some studies with Withania somnifera were omitted from the meta-
analysis (Gopukumar et al., 2021; Lopresti, Drummond, Smith, 2019;
Pingali et al., 2013; Remenapp et al., 2022) because the duration of the

studies varied (Gopukumar et al., 2021; Pingali et al., 2013) or the
assessed outcome was not serum cortisol but saliva cortisol level
(Lopresti, Drummond, Smith, 2019; Remenapp et al., 2022). A 90-day
study found a non-relevant cortisol level lowering effect in stressed
adults (Gopukumar et al., 2021); in a 56-day trial, Withania treatment
showed no appreciable effect on saliva cortisol concentration in over-
weight, aging men suffering from mild fatigue (Lopresti, Drummond,
Smith, 2019); a 14-day trial showed a significant serum cortisol level
decreasing effect in adults exposed to mental stress prior to sample
taking (Pingali et al., 2013); a 30-day study showed a time- and dose-
dependent cortisol level decreasing effect in stressed adults (Reme-
napp et al., 2022). In all cases, efficacy was compared to placebo.

3.4. The effect of other adaptogens on the serum cortisol level

The effect of adaptogens other than Withania somnifera on cortisol
levels could not be meta-analyzed because of insufficient data. The re-
sults of available clinical trials identified during our systematic review
are presented below. The effects of different adaptogenic plants are
controversial, making it impossible to draw broad conclusions on the
effect of adaptogens on cortisol levels. This is partly due to the diversity
of trial designs and the heterogeneity of the populations examined.

Bacopa monnieri showed a cortisol level lowering effect in single dose
(Benson et al., 2014), and after 28 days of administration (Lopresti et al.,
2021). Eleutherococcus senticosus significantly reduced cortisol awak-
ening response in a 56-day trial in subjects with asthenia (Schaffler et al.,
2013). Eurycoma longifolia showed significant cortisol level lowering
effect after 28 days of treatment (Talbott et al., 2013). Gynostemma
pentaphyllum, however, did not change salivary cortisol levels or plasma
ACTH levels in chronically stressed subjects after 56 days of intervention
(Choi et al., 2019). Lepidium peruvianum, administered for 60 days,
increased serum cortisol and the ACTH levels in healthy perimenopausal
women (Meissner et al., 2001). Ocimum tenuiflorum significantly
reduced saliva cortisol levels in a 30-day trial (Sampath et al., 2015). In
fatigued healthy adults, 56 days of Panax ginseng treatment showed no
significant effect (Lee et al., 2017); in a 42-day trial, however, it showed
a non-significant cortisol-increasing effect (Sung et al., 2020). A 28-day
treatment with Rhodiola rosea showed no effect on the cortisol levels in
stressed young adults (Jowko et al., 2018), while it showed morning



Table 3
Trials on the effect of adaptogens on serum or saliva cortisol levels and different stress-related outcomes. — Table of systematic review.
Reference Study Participants Supplementation Outcome Conclusion
characteristics
Reference Study design Participants’ Age Geographical Adaptogenic substance Groups (number Length of Outcome of  Time of blood Conclusion
characteristics location of subjects in the  treatment interest or saliva regarding the
group) sampling (if outcome of interest
applicable)
Benson et al., double-blind, Healthy adults exposed ~ 18-44 years Melbourne, Bacopa monnieri extract 1. BME 320 mg single dose, /A\SaC, BL- probably before  The 640 mg
2013 crossover RCT to multitasking stress. Australia (BME) (17) 2. BME 640 1 week of VAS, STAI noon treatment decreased
mg (17) 3. Placebo ~ wash-out cortisol level
a7 period significantly.
Lopresti et al., double-blind Healthy adults with 18-70 years Perth, Australia ~ Bacopa monnieri extract 1. BME 300 mg/ 28 days SaC, DASS in the morning Emotional well-
2021 RCT self-reported poor (BME) day (44) 2. and in the being improved,
sleep. Placebo (45) evening saliva cortisol level
increased.
Schaffler et al., open-label RCT Healthy adults with the ~ 30-50 years Germany Eleutherococcus senticosus 1.ESE120mg/day 56 days SaC, TICS, within 30 and No beneficial effects
2013 symptoms of asthenia root extract (ESE) (49) 2. 2-day MFI-20, BDI 45 min after on stress markers
such as fatigue or professional stress awakening and and fatigue.
weakness. management at 9AM, at 3PM
training (40) and at 9PM
Hartz et al., 2004  double-blind Adults with chronic, 21-65 years Towa, USA Eleutherococcus senticosus 1. ESE 2000 mg/ 60 days Rand not applicable Possible efficacy in
RCT unexplained fatigue. root extract (ESE) day (41) 2. Vitality moderate fatigue
Placebo (36) Index suggests the need for
further research.
Talbott et al., subjects blinded Healthy adults no information Utah, USA Eurycoma longifolia extract 1. ELE200 mg/day 28 days SaC, POMS in the morning, Stress hormone
2013 RCT experiencing moderate (ELE) (35) 2. Placebo in the profile and certain
level of stress. (35) afternoon, in mood state
the evening parameters
improved.
Choi et al., 2019 double-blind Healthy adults 20-64 years Republic of Gynostemmapentaphyllum 1. GPE 400 mg/ 56 days SaC, ’in the Chronic
RCT perceiving stress and Korea extract (GPE) day (31) 2. saACTH, morning’ psychological stress
anxiety. Placebo (35) STAI-T, induced anxiety
STAI-S, decreased. No effect
HAM-A, BAI on cortisol and on
ACTH level.
Meissner et al., double-blind, Healthy 41-50 years Poznan, Poland pre-gelatinized dried and 1.PG-LP2000mg/ 60 days SC, sACTH no information ACTH level
2001 crossover RCT perimenopausal pulverized hypocotyls of day (9) 2. Placebo increased
women. Lepidium peruvianum (PG-LP) 9 substantially,
cortisol level
increased non-
substantially.
Lopresti et al., double-blind Healthy adults 18-65 years Perth, Australia Ocimum tenuiflorum extract 1. OTE 350 mg/ 56 days HC, PSS, not applicable Self-report measures
2022 RCT experiencing stress for (OTE) day (43) 2. MAST of subjective stress
longer than a month, Placebo (38) perception
and currently improved, chronic
experiencing sleep cortisol excretion
problems. was decreased.
Sampath et al., double-blind Healthy male subjects. 18-30 years New Delhi, Ocimum tenuiflorum extract 1. OTE 300 mg/ 30 days SaC, STAI no information Saliva cortisol levels
2015 RCT India (OTE) day (20) 2. significantly
Placebo (20) decreased.
Saxena et al., double-blind Healthy adults 18-65 years Lucknow, India Ocimum tenuiflorum whole 1. OTE 1200 mg/ 42 days Symptom not applicable 1.6 times or 39 %
2012 RCT suffering from at least 3 plant extract (OTE) day (71) 2. scores of more efficacy in the
symptoms of stress. Placebo (79) stress management of

stress symptoms was

(continued on next page)
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Table 3 (continued)

Reference Study Participants Supplementation Outcome Conclusion
characteristics
Reference Study design Participants’ Age Geographical Adaptogenic substance Groups (number Length of Outcome of  Time of blood Conclusion
characteristics location of subjects in the  treatment interest or saliva regarding the
group) sampling (if outcome of interest
applicable)
found with respect
to placebo.
Baek et al., 2019 double-blind Nurses and fire fighters =~ 20-60 years Republic of Panax ginseng powder (PGP) 1. PGP 2.0 g/day 42 days PSS, POMS not applicable No significant
RCT i.e., adults with high Korea (28) 2. Placebo differences were
occupational stress. 27) observed regarding
psychological
measures (PSS,
POMS).
Lee et al., 2017 double-blind Healthy adults with 30-60 years Tokyo, Japan Panax ginseng as Puffed 1. FRG 76 mg/day 56 days SC, POMS- no information Fatigue improved,
RCT fatigue and decreased Fermented Red Ginseng (FRG) (19) 2. Placebo revised no remarkable effect
vigor. (19) on cortisol level.
Sung et al., 2020 double-blind Adults with chronic 19-65 years Republic of Panax ginseng powder (PGP) 1. PGP 3.0/day 42 days SaC - AUC, 4 times during Fatigue-related
RCT fatigue. Korea (24) 2. Placebo F-VAS, BDI, the day from symptoms
(23) CFSQ, FSI, within 30 min improved, cortisol
SRI after awakening  level increased.
till 12AM
Cropley et al., open-label RCT Healthy young adults 18-35 years Brighton, UK Rhodiola rosea extract (RRE) 1. RRE 400 mg/ 14 days PSS, POMS not applicable Efficacy was found
2015 with a STAI (State Trait day (40) 2. in mild anxiety and
Anxiety Inventory) Placebo (41) stress.
score 30 or above.
Jowko et al., double-blind Physical education Mean age RR Warsaw, Poland  Rhodiola rosea extract (RRE) 1. RRE 600 mg/ 28 days SC ’in the No significant
2018 RCT student during exam group: 20.9 +/- day (13) 2. morning’ changes in cortisol
period. 0.2; mean age Placebo (13) level were found.
Placebo group:
20.5 +/-0.3
years
Olsson et al., double-blind Healthy adults 20-55 years Uppsala, Rhodiola rosea extract (RRE) 1. RRE 576 mg/ 28 days SaC, PBS, within 0 to 60 Cortisol level
2009 RCT perceiving stress- Sweden day (30) 2. MADRS min after decreased, fatigue
related fatigue. Placebo (30) awakening improved.
Auddy et al., double-blind Men and women witha  18-60 years Kolkata, India Withania somnifera extract 1.WSE 125 mg/ 60 days SC, mHAM- between 9AM Cortisol level
2008 RCT HAM-A score between (WSE) day (19) 2. WSE A and 11AM decreased
24 and 42. 250 mg/day (30) significantly, stress
3. WSE 500 mg/ and anxiety
day (34) 4. improved.
Placebo (15)
Chandrasekhar double-blind Adults with the history =~ 18-54 years Hyderabad, Withania somnifera extract 1. WSE 600 mg/ 60 days SC, PSS, ’in the Cortisol level
et al., 2012 RCT of chronic stress, with a India (WSE) day (30) 2. DASS-S morning’ decreased
score of at least 14 on Placebo (31) significantly, stress
the Perceived Stress perception
Scale (PSS). improved.
Choudhary et al.,  double-blind Adults with the 18-60 years Pune, India Withania somnifera extract 1. WSE 600 mg/ 56 days SC, PSS, no information Cortisol level
2017 RCT symptoms of chronic (WSE) day (25) 2. OHQ decreased
routine work stress, Placebo (25) significantly, stress
PSS 20 or above, BMI perception
between 25 and 39.9 improved.
kg/m2.
Gopukumar double-blind Healthy, cognitively 20-55 years Bengaluru, Withania somnifera extract 1. WSE in 90 days SC, PSS, between 9 and Significant cortisol
et al., 2021 RCT sound adults with a PSS India; Mandya, (WSE) Sustained Release OHQ 11AM level and PSS score

score between 14 and

24.

India

(SR) capsule 300

lowering effect was
observed.

(continued on next page)
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Table 3 (continued)

Reference Study Participants Supplementation Outcome Conclusion

characteristics

Reference Study design Participants’ Age Geographical Adaptogenic substance Groups (number Length of Outcome of  Time of blood Conclusion

characteristics location of subjects in the  treatment interest or saliva regarding the
group) sampling (if outcome of interest
applicable)
mg/day (62) 2.
Placebo (63)

Lopresti, Smith, double-blind Healthy adults with a 18-65 years India Withania somnifera extract 1. WSE 240 mg/ 60 days SC, HAM-A, ~at 8AM Cortisol level
Malvi and RCT HAM-A score between (WSE) day (30) 2. DASS decreased
Kodgule, 2019 6 and 17. Placebo (30) significantly, anxiety

improved.

Lopresti, double-blind, Healthy males with 40-70 years Perth, Australia Withania somnifera extract 1. WSE 600 mg/ 56 days SaC, POMS between 6AM No appreciable
Drummond, crossover RCT mild-to-moderate (WSE) day (23) 2. and 8AM or effect on cortisol
Smith, 2019 symptoms of fatigue or Placebo (20) within 30 min level, no significant

reduced vitality, with a of rising effect on symptoms

BMI between 25 and of fatigue and

35 kg/m2. psychological well-
being.

Pingali et al., double-blind, Healthy male Mean age: 25.10  Haiderabad, Withania somnifera extract 1. WSE 1000 mg/ 14 days SC no information Serum cortisol
2013 crossover RCT individuals exposed to + 2.29 years India (WSE) day (10) 2. decreased

experimental mental Placebo (10) significantly.
stress directly prior to
sample taking.
Remenapp et al., double-blind Healthy adults with a 18-54 years Florida, USA Withania somnifera extract 1. WSE 225 mg/ 30 days SaC at 8AM Significant reduction
2022 RCT PSS score of 14 or (WSE) day (19) 2. WSE in cortisol levels.
more. 400 mg/day (19)
3. Placebo (19)
Salve et al., 2019  double-blind Healthy adults with a 18-55 years Maharashtra, Withania somnifera extract 1. WSE 250 mg/ 56 days SC, PSS, ’in the Cortisol level
RCT PSS score above 20. India (WSE) day (19) 2. WSE HAM-A morning’ decreased
600 mg/day (20) significantly,
3. Placebo (19) subjective stress
perception
improved.

0 30 SOZIN-YOL Y

Legend: AUC - Area Under the Curve; BAI - Beck Anxiety Inventory; BDI -Beck depression inventory; BL-VAS - Bond-Lader -VAS mood rating scale; BMI- Body Mass Index; CFSQ - Chalder fatigue severity questionnaire;
DASS - Depression-Anxiety-Stress Scale; DASS-S - Depression-Anxiety-Stress Scale - Stress subpart; F-VAS - Fatigue Visual Analogue Scale, FSI - Fatigue Severity Index; HAM-A - Hamilton Anxiety Inventory; mHAM-A -
mean Hamilton Anxiety Inventory Score; HC - Hair cortisol; MAST - Maastricht Acute Stress Test; MADRS - Montgomery-Asberg Depression Rating Scale; MBI - Maslach Burnout inventory; MDMQ - Multidimensional
Mood State Questionnaire; MFI-20 - Muntidimensional Fatigue Inventory-20; OHQ - Oxford Happiness Questionnaire; PBS - Pines’ Burnout Scale; POMS - Profile of Mood States; PSS - Perceived Stress Scale; sa-ACTH -
Saliva ACTH; SaC - Saliva Cortisol; ASaC - Change of Saliva cortisol level; SACTH - serum ACTH; SC - Serum cortisol; SRI - Stress Response Inventory; STAI - State Trait Anxiety Inventory; STAI-S - State version of State-
Trait Anxiety Inventory, STAI-T - Trait version of State-Trait Anxiety Inventory, TICS - Trier Inventory for Chronic Stress.
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a. at baseline

Withania somnifera Placebo
Study N Mean SD N Mean SD Mean Difference MD 95% Cl Weight
J. Salve, 2019 20 16.12 3.97 20 16.15 4.80 : -0.03 [-2.76; 2.70] 12.17%
K. Chandrasekhar, 2012 .70 3.20 31 1560 3.30 — 0.10 [-1.53;1.73] 34.09%
A. Lopresti, 2019 30 14.15 5.15 30 1400 5.15 ] 0.15 [-2.46; 2.76] 13.36%
D. Choudhary, 2017 17.25 441 25 16.76 3.95 0.49 [-1.83; 2.81] 16.84%
B. Auddy, 2008 34 1410 330 15 1350 3.20 ——+— 0.60 [-1.36; 2.56] 23.54%
Random effects model 139 121 = 0.27 [-0.06; 0.60]  100.00%
Prediction interval ——— [-1.27; 1.82]
T & &

Heterogeneity: 12=0% [0%; 79%] , ?=0 , p=0.993 2 £ 0 4 Z
Test for overall effect: t,= 2.31 (p =0.082 ) Higherin  Higherin

Placebo Withania somnifera

group group

b. after 28 or 30 days of treatment

Withania somnifera Placebo
Study N Mean SD N Mean SD Mean Difference MD 95% Cl Weight
A. Lopresti, 2019 30 1221 5.09 30 13.86 5.09 —— -1.65 [-4.23; 0.93] 22.97%
J. Salve, 2019 20 1430 3.75 19 15,52 457 —_— -1.22 [-3.85; 1.41] 22.05%
D. Choudhary, 2017 25 1447 294 25 15,63 3.07 —= -1.16 [-2.83; 0.51] 54.98%
Random effects model 75 74 < -1.29  [-1.90;-0.68]  100.00%
Prediction interval [-9.30; 6.72]
[ T T T T 1

Heterogeneity: 1% =0% [0%;90%] ,t>=0,p =0.951 % 4 2 0 2 @& %

Test for overall effect: t, = -9.08 (p =0.012 ) Higher in Higher in
Placebo Withania somnifera
group group

c. after 56 or 60 days of treatment

Withania somnifera Placebo
Study N Mean ) N Mean SD Mean Difference MD 95% Cl Weight
J. Salve, 2019 20 10.86 3.80 19 1552 457 ——— -4.66 [-7.31;-2.01] 12.87%
B. Auddy, 2008 34 9.80 2.40 15 1410 330 ——F— -4.30 [-6.15; -2.45] 22.33%
A. Lopresti, 2019 30 10.84 5.70 30 14.07 5.70 —— -3.23 [-6.11; -0.35] 11.12%
K. Chandrasekhar, 2012 30 1130 3.70 31 1440 3.20 —a -3.10 [-4.84; -1.36] 24.44%
D. Choudhary, 2017 25 1341 217 25 1544 3.20 T -2.03 [-3.55; -0.51] 29.24%
Random effects model 139 120 - -3.27 [-4.62;-1.92]  100.00%
Prediction interval —_—— [-5.82; -0.72]
[ — T 1

Heterogeneity: 12 =17% [0%; 83%] , t>=0.36 , p =0.306 6 4 20 2 4 6

Test for overall effect: t4=-6.74 (p =0.003 ) Higher in Higher in
Placebo Withania somnifera
group group

Fig. 2. The effect of Withania somnifera (WS) treatment on the serum cortisol level (ug/dL).
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cortisol-lowering effect in healthy adults experiencing stress-related
fatigue (Olsson et al., 2009).

3.5. The effect of Withania somnifera supplementation on the Perceived
Stress Scale (PSS) score

The effect on PSS scores was measured in three studies that could be
meta-analyzed (N = 150). Seventy-five participants were assigned to
intervention groups, who were treated with 600 mg/day KSM-66
Withania somnifera extract for 56 or 60 days, and 75 participants were
assigned to placebo groups (Chandrasekhar et al., 2012; Choudhary
et al., 2017; Salve et al., 2019). The intervention and control groups
were compared at baseline (Fig. 3a). However, the population of the
study by Chandrasekhar et al. (2012) was somewhat out of line, prob-
ably because the randomization process ended with suboptimal results

a. at baseline
Withania somnifera Placebo
Study N Mean SD N Mean SD
K. Chandrasekhar, 2012 30 2060 4.80 31 2460 6.70
J. Salve, 2019 20 2295 157 20 2270 217
D. Choudhary, 2017 25 2031 404 25 1996 3.99
Random effects model 75 76
Heterogeneity: 1% =73% [8%; 92%] ,t>=3.86, p =0.026
Test for overall effect: t; = -0.66 (p =0.579 )
b. after 28 or 30 days of treatment
Withania somnifera Placebo
Study N Mean SD N Mean SD
D. Choudhary, 2017 25 1573 438 25 1850 5.33
J. Salve, 2019 20 1885 205 19 19.89 230
Random effects model 45 a4
Heterogeneity: /12=20% ,t*=0.30 , p =0.263
Test for overall effect: t; = -1.96 (p =0.300 )
c. after 56 or 60 days of treatment
Withania somnifera Placebo
Study N Mean SD N Mean SD
K. Chandrasekhar, 2012 30 1150 6.20 31 2330 7.20
D. Choudhary, 2017 25 1365 3.14 25 1783 5.16
J. Salve, 2019 20 1415 262 19 1663 3.13
Random effects model 75 75

Heterogeneity: /% =91% [77%; 97%] ,t>=21.86 , p <0.001
Test for overall effect: t; = -2.12 (p =0.168 )

Journal of Functional Foods 108 (2023) 105695

and because a broader range of PSS scores was given as eligibility cri-
terion than in the other two studies (Choudhary et al., 2017; Salve et al.,
2019), ranging from 14 to 40 and 20 to 40, respectively (Fig. 3a). After
28 days of treatment, results from only two studies (Choudhary et al.,
2017; Salve et al., 2019), showed an average reduction of 1.50 points in
the Perceived Stress Scale score of the intervention group (MD = —1.5,
95%CI: —11,18 8,19, p = 0.300) (Fig. 3b) compared to the placebo
group, showing a tendency of reduction, but no conclusions could be
drawn. However, after 56 or 60 days of treatment, the mean reduction in
the Perceived Stress Scale score was 6.01 points (MD = —6.01, 96%Cl:
—18,20 6,19, p = 0.168) (Fig. 3¢) in the intervention group compared to
the placebo group. This represents a clinically relevant improvement in
stress level; however, this result was not statistically significant, and
also, there was a substantial heterogeneity among the study populations.

Mean Difference MD 95% Cl Weight
— | -4.00 [-6.92; -1.08] 27.63%
—I'— 0.25 [-0.92; 1.42] 39.78%
—tsa— 0.35 [-1.88; 2.58] 32.59%
‘4—- -0.89 [-6.74; 4.95] 100.00%
[ I | I 1
-10 -5 0 5 10
Higher in Higher in
Placebo Withania somnifera
group group
Mean Difference MD 95% Cl Weight
-2.77 [-5.47;-0.07] 26.36%
-1.04 [-2.41; 0.33] 73.64%
-1.50 [-11.18; 8.19] 100.00%
[ T 1 T 1
-10 -5 0 5 10
Higher in Higher in
Placebo Withania somnifera
group group
Mean Difference MD 95% Cl Weight
—=a -11.80 [-15.17; -8.43] 31.68%
T -4.18 [-6.55;-1.81] 33.71%
= -2.48 [-4.30; -0.66] 34.60%
—— e -6.01 [-18.20; 6.19] 100.00%
| I I I I 1
<15 10 -5 0 5 10 15
Higher in Higher in
Placebo Withania somnifera
group group

Fig. 3. The effect of Withania somnifera (WS) treatment on the Perceived Stress Scale (PSS) score.
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3.6. The effect of other adaptogens on the Perceived Stress Scale score

The effects of other adaptogenic herbs on PSS score were assessed in
some trials identified during the systematic search. In a 56-day study,
Ocimum tenuiflorum showed a statistically significant PSS score-reducing
effect. (Lopresti et al., 2022). In a 42-day study, Panax ginseng did not
significantly reduce the PSS score (Baek et al., 2019). In a 14-day study,
Rhodiola rosea showed the tendency of PSS score-reducing effect from
day 0, 4 hours after administration of the first dose, through day 7 to day
14, when this effect was statistically significant compared to placebo
(Cropley et al., 2015). A sustained-release formulation of Withania
somnifera root extract significantly reduced the PSS scores from baseline
to day 90 compared to placebo (Gopukumar et al., 2021).

3.7. Safety

On the basis of studies included in the systematic review, adaptogens
can be considered generally safe. In the case of Withania somnifera, this
statement is based on nine trials. In four studies, Withania somnifera was
well tolerated, and participants reported no adverse effects (Chan-
drasekar et al., 2012; Lopresti, Drummond, Smith, 2019; Salve et al.,
2019; Remenapp et al., 2022;) In one study (Choudhary et al., 2017),
two subjects (4%) reported effects such as giddiness, heaviness of head,
blurred vision, and/or hyperacidity; the severity of these adverse events
was mild and temporary. In four studies (Auddy et al., 2008; Gopukumar
et al., 2021; Lopresti, Smith, Malvi and Kodgule, 2019; Pingali et al.,
2013), safety laboratory parameters were within the normal range and
were not affected by the treatment. The safety of the treatment was
further supported by the absence of adverse events and high compliance
of patients.

In a study on Bacopa monnieri, no adverse effects were reported
throughout the study (Benson et al., 2014). In a subsequent study, there
were no significant differences in the reports of adverse effects (mainly
gastrointestinal disturbances) between the treated and placebo groups,
and the participants reported no significant adverse events. However,
one participant in the placebo group withdrew from the study (Lopresti
et al., 2021) due to reports of increased skin itching.

For Eleutherococcus senticosus, one trial reported no severe or serious
adverse events or changes in clinically relevant laboratory parameters
(Schaffler et al., 2013). In another trial, higher (but not significantly
different) breast tenderness and uterine bleeding rates were observed in
the intervention group compared to the placebo group (Hartz et al.,
2004).

No adverse events were recorded for Ocimum tenuiflorum in two trials
(Saxena et al., 2012; Sampath et al., 2015). In one further trial (Lopresti
et al., 2022), no serious adverse events were reported by participants,
and the frequency of adverse effects (mainly indigestion and headache)
was similar in both groups, however, one person in the Ocimum group
withdrew from the study due to increased agitation, and one in the
placebo group withdrew due to persistent nausea.

No adverse events were reported in two trials on Panax ginseng (Sung
etal., 2020; Baek et al., 2019). In one study (Lee et al., 2017), 19 adverse
events were reported in 8 of the 19 subjects in the intervention group;
however, all these adverse effects were mild and not considered to be
related to the intervention.

For Rhodiola rosea, no adverse effects were reported in two clinical
trials (Olsson et al., 2009; Jowko et al., 2018). In one trial (Cropley et al.,
2015), 4 of the 40 participants receiving Rhodiola rosea, reported
adverse events either related to the condition under investigation
(forgetfulness, loss of appetite, metabolic and nutritional disturbences)
or related to independent concomitant conditions (food poisoning and
pelvic infection).

No adverse events were reported in the case of Lepidium meyenii
(Talbott et al., 2013) and Eurycoma longifolia (Meissner et al., 2001). No
serious adverse events were noted for Gynostemma pentaphyllum (Choi
et al.,, 2019). In the Gynostemma group, 14 mild adverse events of 7
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subjects; in the placebo group, 8 events of 6 subjects were reported;
however, none of these were related to the treatment. Safety laboratory
parameters did not change throughout the study (Choi et al., 2019).

3.8. Risk of bias assessment

The risk of bias assessment was completed on June 25th, 2023. We
conducted the risk of bias assessment regarding the two outcomes,
serum cortisol level and Perceived Stress Scale score, apart. The study by
Lopresti et al., (Lopresti, Smith, Malvi and Kodgule, 2019) used the
intention-to-treat datasets of the effectiveness analysis. In contrast, all
the other studies (Auddy et al., 2008; Chandrasekhar et al., 2012;
Choudhary et al., 2017; Salve et al., 2019) used the efficacy analysis of
per-protocol datasets. We evaluated the overall risk of bias high for both
outcomes, as we had some concerns regarding the baseline differences
among the intervention groups and the control groups in most of the
studies, and because we could not exclude the possible deviation from
the intended intervention as a result of the method of follow up of the
adherence. Further, we found no information regarding the pre-
specified analysis plan and the unblindedness of them, and regarding
serum cortisol level measurements, we saw high risk of the occurrence of
the confounding effect of the diurnal variation of serum cortisol level as
aresult of the time range given in the studies for sample taking. Table 4.
presents the results of the risk of bias assessment.

3.9. Quality of evidence

Certainty of evidence regarding three outcomes, namely serum
cortisol level, Perceived Stress Scale score and safety (occurrence and
severity of adverse events), were rated using the GRADE Pro software
tool (Copyright 2021, McMaster University and Evidence Prime Inc.)
(Cochrane Handbook). The evidence was rated low for the PSS score and
for the safety because of the low number of participants included in the
assessment, and because of the imprecise verification of possible non-
adherence. The certainty of evidence was rated very low for serum
cortisol level because of the low number of participants included in the
assessment, because of the imprecise verification of possible non-
adherence, and because of the possible confounding effect of the
diurnal variation of cortisol level as a result of inaccurate timing of
sample taking. Table 5. details the results.

4. Discussion

Our systematic review summarizes the results of 25 studies published
between 2001 and 2022, whereas our meta-analysis is based on the
results of 5 studies. The meta-analysis showed an apparent beneficial
effect of 56 days or 60 days Withania somnifera treatment (containing a
calculated amount of 30 to 47 mg active withanolide) on serum cortisol
and on stress level. Most of the studies included in the systematic review
also showed an improving effect of the investigated adaptogenic plants
on different stress-related outcomes; however, the results were some-
what controversial. The use of adaptogens seems to be safe based on the
included trials.

Several systematic reviews and meta-analyses have been conducted
to find evidence and the prospects for using adaptogens in various
therapeutic indications. A systematic review of the efficacy of Eleuther-
ococcus senticosus revealed its beneficial effect on cognitive functions
and on physical and mental endurance (Gerontakos et al., 2021). A
systematic review on the efficacy of Panax ginseng on semen quality (Lee
et al., 2020), a systematic review on the efficacy of Lepidium peruvianum
on menopausal symptoms (Lee et al., 2011), and a systematic review and
meta-analysis on the efficacy of Withania somnifera on male infertility
(Durg et al., 2018) concluded with limited evidence. A systematic re-
view and meta-analysis on the efficacy of Withania somnifera on sleep
quality revealed positive results; however, the investigators pointed out
the lack of evidence regarding safety (Cheah et al., 2021).
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Table 4
Risk of bias assessment.

Table 4.a Risk of bias assessment regarding the study of Lopresti, Smith, Malvi, and Kodgule, 2019

Per-protocol Study ID Outcome Weight D1 D2 D3 D4 D5  Overall
Auddy et al., 2008 Serum cortisol 1 @ O 0 . @ rowrisk
Chandrasekhar ct al., 2012 Serum cortisol, PSS-10 1 RN BN BN RENOEN ) ! Some concerns
Choudhary et ., 2017 Serum cortisol, PSS-10 1 RN BN BN RENEN ) @ ighrisk
Salve et al,, 2019 Serum cortisol, PSS-10 1 ® e 0 ' o
inwenuon-wo- . .
treat Study ID Outcome Weight DI D2 D3 D4 D5 Overan D!  Randomisation process
Lopresti et al., 2019 Serum cortisol 1 ! ! . . ! . D2 Deviations from the intended interventions

D3 Missing outcome data

D4 Measurement of the outcome

D5 Selection of the reported result

Table 4.b Risk of bias assessment regarding the studies of Auddy et al., 2008, Chandrasekhar et al., 2012, Choudhary et al., 2017 and Salve et al., 2019

=]
by
=4
=
I~
g

IPer-protocol Study ID Outcome Weight D1 D2 D3 D4 D5  Overall

‘ Low risk
1

Chandrasekhar et al., 2012 Serum cortisol, PSS-10 1 ! . . . ! ‘ ! Some concerns
Choudhary et al, 2017 Serum cortisol, PSS-10 1 r @ ® O . @ nighrisk
Salve et al., 2019 Serum cortisol, PSS-10 1 ® 0606 ' O

D1 Randomisation process
D2 Deviations from the intended interventions
D3 Missing outcome data

D4  Measurement of the outcome

D5 Selection of the reported result

Table 5
Table of certainty of evidence — GRADE.

Patient or population: stress

Setting: randomized controlled trials
Intervention: Withania somnifera extract
Comparison: Placebo

Outcome Relative Anticipated absolute effects (95% CI) Certainty What happens
N of participants(studi ffect(95%
of participants(studies) effect(95% Difference
(el)]
Perceived Stress Scale (PSS) - The mean - MD 6.01 lower  &oo We decreased the level of evidence (1) because of the low
N© of participants: 151 perceived Stress (18.2 lower to Low®P¢ number of patients included in the assessment, and (2) because
(3 RCTs) Scale was 0 6.19 higher) of the imprecise verification of possible non-adherence.
Serum cortisol - The mean serum - MD 3.27 lower  @oco We decreased the level of evidence (1) because of the low
N2 of participants: 278 cortisol was 0 (4.62 lower to Very number of participants included in the assessment, (2) because
(5 RCTs) 1.92 lower) low™P of the imprecise verification of possible non-adherence, and (3)

because of the possible confounding effect of the diurnal
variation of cortisol level as a result of a inaccurate timing of
sample taking.

Safety not estimable 0.0% 0.0% 0.0% fewer HPoo We decreased the level of evidence because of the (1) low
assessed with: Adverse (0 to (0 fewer to Low!? number of participants included in the assessment, and (2)
events reported by the 0) 0 fewer) because of the imprecise verification of possible non-adherence.
participants
N2 of participants: (5
RCTs)

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95%
CD.

CI: confidence interval; MD: mean difference
GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially
different.
Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.
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To the best of our knowledge, our systematic review and meta-
analysis is the first one to assess adaptogens’ effect on cortisol levels.
A recently published systematic review and meta-analysis (Akhgarjand
et al., 2022) assessed the effect of Withania somnifera supplementation
on the Perceived Stress Scale score; however, our analysis addressed this
effect on a uniformized study population, namely on healthy, mentally
stressed adults, and also, data uniformization, to a certain extent, was
conducted regarding daily dose and length of treatment.

Our study has some limitations. First of all, the meta-analysis covers
only studies performed with Withania somnifera. The meta-analysis is
based only on 5 clinical trials, and the number of involved subjects is
limited. The effect on cortisol pathway-related hormone levels could be
assessed only for cortisol. The effects of other adaptogens on stress level
and hormone levels could not be meta-analyzed, hence we could not
make comprehensive statements regarding the effect of adaptogens in
general. In our meta-analysis, we did not conduct a dose-response
analysis, and although we assessed time-response analysis, the optimal
length of treatment could still not be determined. Among the limitations
of our study, we also have to mention the heterogeneity among the study
populations regarding the outcome of Perceived Stress Scale score and
the overall high risk of bias regarding both outcomes (PSS score and
serum cortisol level).

The clinical implication of our research is that Withania somnifera
might be used as a rational tool to reduce cortisol levels in stressed
healthy adults, and this intervention might also be clinically relevant.
However, further studies are needed to determine the optimal dosage
and duration of treatment. The same applies to other adaptogens as well.
Due to a lack of data, no generalized statements could be made on the
effects of adaptogens on cortisol pathway-related hormone levels. Their
stress-relieving effects could not be compared since there is a lack of
studies using widely accepted scales such as PSS.

5. Conclusion

According to our meta-analysis, Withania somnifera treatment of at
least 56 or 60 days results in a clinically relevant improvement of stress
level and serum cortisol level of stressed healthy adults (the latter result
being also statistically significant), thus, this treatment might be used in
stress management. However, more trials would be needed to elucidate
the mechanism of action of adaptogens on the HPA-axis, and their
clinical efficacy in mental stress.
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